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Abstract

Background: Despite the favorable effects of well-known dietary patterns in the treatment of hypertension (HTN),
such as the Mediterranean (MED) and Dietary Approach to Stop Hypertension (DASH) diets, it is uncertain if adher-
ence to these diets can reduce the risk of HTN, especially in non-Mediterranean populations. Moreover, none of the
previous studies evaluated the association between the MED-DASH Intervention for Neurodegenerative Delay (MIND)
diet adherence and the incidence of HTN. Therefore, we aimed to assess the association of adherence to these diets
with the development of HTN in adults.

Methods: This prospective study included 2706 adults free of HTN who were selected from the Tehran Lipid and
Glucose Study. The MED, DASH, and MIND diet scores were computed at baseline using dietary information collected
with the food frequency questionnaire. Associations between the dietary indices and risk of HTN over a median
follow-up of 7.4 years were examined using Cox proportional hazards regression analysis.

Results: The baseline mean age of participants was 37.9+ 12.5 years (age range: 20-79 years), and 52.4% were
women. During the 18262 person-years follow-up, 599 incidents of HTN were identified. There was no significant
relationship between the dietary scores and the risk of HTN, either as continuous or categorical variables, even after
excluding individuals with early/late HTN diagnosis, prehypertension, diabetes, or chronic kidney disease at base-
line. A significant interaction was found between body mass index (BMI) and DASH (P-interaction < 0.001). Stratified
analyses based on baseline BMI status revealed an inverse association between DASH and HTN risk in individuals with
normal-weight (HR=0.84, 95% Cl=0.71-0.98, P=0.031), although this association did not reach statistical signifi-
cance across the tertiles of DASH.
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Background

Conclusions: In this study, MED, DASH, and MIND showed no significant association with the occurrence of HTN
in adults. Further prospective studies on diverse populations are required to assess whether adherence to the MED,
DASH, and MIND diets is an effective strategy for reducing the occurrence HTN.

Keywords: Diet, Blood pressure, MIND, DASH, Mediterranean diet

Hypertension (HTN), the leading risk factor for cardiovascular disease, is a major concern in public health that
affects millions of individuals throughout the world [1]. According to the World Health Organization, the num-
ber of people with HTN has increased over the last 50 years, with a greater increase in low- and middle-income

countries [2]. Although HTN is a multifaceted condi-
tion, primary preventive and therapeutic approaches
have been focused entirely on lifestyle modification,
with dietary considerations at the top of the list [3].
Meta-analyses of randomized controlled trials (RCTs)
indicate that the Mediterranean (MED) and Dietary
Approach to Stop Hypertension (DASH) diets reduce
blood pressure compared to the usual diet [4, 5]. In
addition, a meta-analysis of observational studies esti-
mated 13% lower odds of HTN in those on higher vs.
lower adherence to the MED diet. However, most of
the studies included in this meta-analysis (87.5 percent)
were cross-sectional, making it impossible to determine
a cause-effect association [6]. Therefore, it is unclear
whether adherence to the diets can decrease the HTN
risk, particularly in non-Mediterranean populations. In
a large-scale cross-sectional research of Iranian adults,
neither the DASH nor the MED diets were linked to
high blood pressure [7]. Likewise, a prospective study
of 4793 Iranian adults found no significant association
between the DASH diet and the risk of HTN over a 6.3-
year follow-up duration [8].

Recently, a novel dietary pattern known as the MED-
DASH Intervention for Neurodegenerative Delay
(MIND) has been created, combining the MED and
DASH diets [9]. This diet has been hypothesized to be
effective in age-related neurodegenerative disorders
[10]. Compared with the two previous dietary indi-
ces, the MIND diet not only includes cheese, fast/fried
foods, and butter/margarine as separate food groups,
but also its major focus is on the consumption of ber-
ries and green leafy vegetables rather than considering
all types of fruits or vegetables as a general category. In
addition, the MIND diet suggests olive oil as the pri-
mary oil for daily consumption [9]. The association
between the MIND diet and blood pressure has been
investigated only in a cross-sectional study to the best
of our knowledge. The findings of the study did not
show any significant association between the MIND
diet and odds of high blood pressure [11].

Due to the continuous increase in the prevalence of
HTN, and the necessity of investigating the association
between different dietary indices and HTN in different
populations, we aimed to examine the prospective asso-
ciations between the adherence to the MED, DASH,
and MIND diets and the incidence of HTN in a cohort
of Iranian adults.

Methods

Study population

The Tehran Lipid and Glucose Study (TLGS) is a con-
tinuing prospective community-based study initiated in
1990-2001 by enrolling 15005 individuals between the
ages 3 to 69 years from Tehran’s district 13 [12]. Follow-
ing the initial examinations, participants were followed-
up every three years to update their information. Dietary
data from examination 3 (2005-2008) were gathered
using a food frequency questionnaire (FFQ). Of the
12125 people aged > 18 years in the examinations 3 or 4
(2008—-2011), which we consider as the baseline phases
for our present analysis, those with missing information
at baseline or follow-up to define HTN status (n=1504),
those with prevalent HTN (n=1730), pregnant and lac-
tating women (n=260), corticosteroid users (n=108),
and those with missing information on dietary assess-
ment (n=05487) were excluded. We further excluded
individuals with implausible energy consumption accord-
ing to the sex-specific 1st and 99th percentiles of energy
intakes (n=60) and those who were missing covariates
(n=271). Finally, 2706 individuals were tracked till the
end of examination 6 (2014—2018) for a median follow-up
of 7.4 years (Fig. 1). In TLGS, a subsample of participants
was chosen at random to complete dietary information.
Comparisons of the characteristics of participants with
and without dietary data in either the third or fourth
examination showed that the proportion of males, smok-
ers, those with a family history of cardiovascular disease,
those with an academic education, and the level of physi-
cal activity were similar between the two groups. How-
ever, the age and body mass index (BMI) of individuals
who completed the FFQ in the fourth examination were
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Fig. 1 Selection of the study sample

slightly lower than those without dietary data (40.8 £14.1
vs. 44.84+17.1 years and 27.344.9 vs. 27.7+5.2 kg/m?,
respectively) [8, 13]. All methods of the present study
has been carried out in accordance with the Declaration
of Helsinki. The present study was approved by the eth-
ics committee of the Research Institute for Endocrine
Sciences, Shahid Beheshti University of Medical Sci-
ences (IR.SBMU.ENDOCRINE.REC.1400.098). A written
informed consent form was obtained from every individ-
ual (Fig. 1).

Demographic, anthropometric, and physical activity
assessments
Data regarding age, sex, educational level, smoking sta-
tus, medical history, and medication use were collected
by a questionnaire. We classified individuals into two
groups for education: <12 years or > 12 years (academic
education) and three groups for smoking status: non-
smokers, ex-smokers, and current smokers. Any car-
diovascular disease incidents in first-grade female family
members 65 years or younger or first-grade male family
members 55 years or younger were regarded to have a
premature family history of cardiovascular disease [14].
Weight was measured with light clothing to the nearest
0.1 kg using a digital weighing scale (Seca 707; Seca Cor-
poration, Hanover, Maryland; range, 0.1-150 kg). Height

was assessed in a standing position using a stadiometer
to the nearest 0.1 c¢cm, while shoes were removed and
shoulders were in normal alignment. Body mass index
(BMI) was calculated by dividing weight (Kg) by height
squared (m?).

Physical activity over the past year was assessed using
the Modifiable Activity Questionnaire (MAQ) [15]. The
MAQ consists of two types of questions based on lei-
sure activities and work-related activities. Participants
reported the frequency and time spent on every activity
in each category based on four types of intensity (light,
moderate, hard, and very hard). The physical activity
was expressed as metabolic equivalent minutes per week
(MET-min/wk).

Biochemical measurements

After an approximate 12-to-14-hour overnight fast, blood
samples of all participants were collected in a sitting posi-
tion between 7:00 and 9.00 AM. Samples were imme-
diately centrifuged within 30-45 min. Fasting serum
glucose (FSG), total cholesterol (TC), and triglycerides
(TGs) were assessed using an enzymatic colorimetric
method. Serum high-density lipoprotein-cholesterol
(HDL-C) was assessed after precipitation of the apolipo-
protein B-containing lipoproteins with phosphotungstic
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acid. Inter/intra-assay coefficient variations (CVs) were
both 2.2% for FSG, 0.5 and 2% for TC and HDL-C, and
0.6 and 1.6% for TGs, respectively) [16]. Serum creatinine
levels were measured using kinetic colorimetric Jaffe with
a sensitivity of 0.2 mg/dL (range, 18-1330 pumol/L (0.2—
15 mg/dL) and both intra- and inter-assay CVs were less
than 3.1%. All blood samples were analyzed at the TLGS
research laboratory on collection using the Selectra 2
auto-analyzer (Vital Scientific, Spankeren, Netherlands).
Biochemical measurements were performed using com-
mercial kits (Pars Azmoon Inc., Tehran, Iran).

Dietary assessments
Participants’ dietary intakes were examined by trained
dietitians using the semi-quantitative FFQ.

The FFQ’s validity and reliability have already been
assessed [17]. Participants were asked to estimate their
consumption of each food item during the preceding year
using daily, weekly, or monthly frequency and predeter-
mined portion sizes. Using household measurements, all
ingested food portion amounts were converted to grams.
The absolute dietary component consumption were used
to estimate each dietary score. A higher score for any of
the dietary indices suggests more adherence.

The MED score was computed using the approach pub-
lished by Trichopoulou et al [18]. The method includes 9
components: vegetables, legumes, fruits and nuts, cere-
als, fish, meat and meat products, dairy products, the
ratio of monounsaturated fatty acids (MUFA) to satu-
rated fatty acids (SFA), and alcohol. We did not consider
alcohol intake as a food component due to lack of infor-
mation. Values of 0 or 1 were assigned to each compo-
nent, using sex-specific median as cut-off. Thus, for the
5 expected beneficial components (vegetables, legumes,
fruits and nuts, cereals, and fish), individuals whose con-
sumption was at or above the sex-specific median were
assigned a value of 1, and a value of zero was assigned for
individuals whose consumption was below the median.
Similarly, a value of 1 was assigned if the MUFA to SFA
ratio was equal or above the sex specific median value
and a value of zero was assigned for consumption below
the median. For components presumed to be detrimen-
tal (meats or meat products and dairy products), 1 point
was assigned if consumption was below the sex-specific
median value and participants whose consumption was
at or above the median were assigned a value of 0. Finally,
the total MED scores ranged from zero to 8.

The DASH score was calculated by Epstein et al. based
on the intakes of 10 food components: total grain, fruits,
vegetables, nuts, seeds and dry beans, dairy, meats, poul-
try, and fish, %energy intake from total fat, % energy
intake from saturated fat, sweets, and sodium. Based on
the recommended number of servings, a score of 1, 0.5,
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or 0 was assigned to each of the 10 dietary components,
and the scores were then summed [19]. The DASH score
ranged between 0 and 10.

The MIND score was developed by Morris et al. [9].
Since our FFQ did not inquire about main oil and alco-
hol consumption, these dietary components were omit-
ted from our MIND score computation. Therefore, the
following 13 food groups were considered to calculate
MIND score: whole grains, green leafy vegetables, other
vegetables, berries, red meats and products, fish, poultry,
beans, nuts, fast or fried foods, butter, margarine, pas-
tries or sweets. According to the recommended number
of servings, each component was assigned a score of 1,
0.5, or 0; these scores were then combined. The MIND
score ranged between 0 and 13.

Blood pressure assessment and disease definitions

Blood pressure was measured by a trained physician in
a seated position twice with a 1-minute interval on the
right arm using a mercury sphygmomanometer. Before
the assessment, every participant was asked to rest for 15
min while sitting. The average of the two measurements
was considered as the final blood pressure measure.

In the absence of antihypertensive medication, pre-
hypertension was defined as having an SBP of 120-139
mmHg and/or a DBP of 80-89 mmHg [20]. HTN was
defined based on the seventh report of the Joint National
Committee on prevention, detection, evaluation, and
treatment of high blood pressure (JNC-VII) [1] as systolic
blood pressure (SBP)>140 mmHg or diastolic blood
pressure (DBP) > 90 mmHg, or the use of blood pressure-
lowering agents. A pre-tested questionnaire was used
to assess the use of any blood pressure-lowering agents,
including diuretics, beta-blockers, angiotensin-convert-
ing enzyme inhibitors, calcium channel blockers, and
angiotensin receptor blockers at baseline and throughout
the follow-up visits.

Type-2 diabetes mellitus (T2DM) was defined as
FSG>126 mg/dl or 2-h post-challenge plasma glu-
cose>200 mg/dl, or taking anti-diabetic medications
[21]. Chronic kidney disease (CKD) was defined based
on the calculation of estimated glomerular filtration
rate (eGFR) using the CKD Epidemiology Collabora-
tion (CKD-EPI) equation [22]. Dyslipidemia was also
described as having one or more of the following crite-
ria: serum TGs of >200 mg/dL, TC of >240 mg/dL,
HDL-C <40 mg/dL, or taking any lipid-lowering medica-
tions [23].

Statistical analysis

We examined histogram charts to evaluate if the variable
distribution was approximately normal. Baseline char-
acteristics of the participants across quartile categories
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of each dietary score were compared using analysis of
variance (ANOVA) for continuous variables and chi-
square test for categorical variables. Before analysis, non-
normally distributed variables such as physical activity,
FSG, TGs, and caffeine and olive intakes were natural log
transformed. Data were presented as Mean =+ standard
deviation (SD) for normally distributed variables, median
(interquartile range) for skewed variables, and percent for
categorical variables. Associations between the dietary
indices and the risk of HTN were examined using Cox
proportional hazards regression analysis. Hazard ratio
(HR) and 95% confidence interval (CI) was estimated per
one unit change in each dietary score (as a continuous
variable) and across their quartile categories, consider-
ing the first group as a reference. The associations were
adjusted for age (continuous) and sex in the model 1, and
additional adjusted for physical activity (continuous),
academic education (yes/no), premature family history of
cardiovascular disease (yes/no), smoking (smokers, non-
smokers, and ex-smokers), baseline BMI, baseline preva-
lence of disease including T2DM (yes/no), CKD (yes/
no), prehypertension (yes/no), and dyslipidemia (yes/no),
aspirin intake (yes/no), and dietary intakes of total energy
(continuous), and olive oil (continuous). The median
value was assigned to each quartile and treated as a con-
tinuous variable to compute P for trend. To investigate
the interactions between sex and BMI with dietary scores
for the risk of HTN, interaction terms were included
in multivariable Cox model. The proportional hazard
assumption of the multivariable Cox model was assessed
using Schoenfeld’s global test of residuals.

The event time of HTN was interval-censored
because the precise onset time was uncertain, despite
the probability that the event occurred between the
two examination appointments. For the analysis of the
interval-censored outcome, therefore, midpoint censor-
ing was utilized. According to mid-point censoring, the
event date of HTN was defined as the midpoint between
the data of the follow-up examination when HTN was
first identified and the most recent follow-up examina-
tion previous to diagnosis. The follow-up time was also
calculated based on the difference between the esti-
mated mid-time date and the date at which the individu-
als entered the study. The survival time was the interval
between the first and the last examination dates for the
censored individuals.

Several sensitivity analyses were performed, removing
individuals with 1-early diagnosis of HTN (less than 2
years), 2-late diagnosis of HTN (more than 10 years), and
3-prehypertension at baseline, 4-T2DM at baseline, and
5-CKD at baseline. All analyses were performed using
IBM SPSS for Windows version 20 (IBM, New York,
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USA) with a two-tailed P value<0.05 being considered
significant.

Results

The mean £ SD for age and BMI of the participants were
3794125 years and 26.7+4.72 kg/m? respectively.
Women made up 52.4% of the total. The mean (range)
of MED, DASH, and MIND score in the participants
were 4.4 (0, 8), 4.8 (1-9), and 6.8 (2.5-11.5), respectively.
Table 1 shows the baseline characteristics of the partici-
pants according to the quartiles of these dietary scores.
Participants in the upper quartiles of the DASH and
MIND diets compared to the lower quartiles were older,
more physically active, had higher baseline FSG and SBP,
and were more likely to use aspirin. Those in the high-
est quartile of the DASH and MIND scores had greater
HDL-C, TGs, and DBP values than those in the first
quartile. Furthermore, the prevalence of prehyperten-
sion, T2DM, and dyslipidemia was greater in quartile 4 of
the DASH diet compared to quartile 1. Energy and olive
oil consumption were significantly higher in the highest
quartiles of all three dietary scores compared to the low-
est quartiles.

During a median follow-up of 7.4 years (quartile 1,
quartile 3: 4.6, 9.0 years), 18262 person-years follow-
up, 599 incident HTN were identified (294 men and 305
women). Table 2 shows the associations between dietary
scores and the incidence of HTN. There was no signifi-
cant relationship between the dietary scores and the risk
of HTN, either as continuous or categorical variables.
Results were not changed after excluding individuals with
early or late diagnosis of HTN, those with prehyperten-
sion, T2DM, or CKD at baseline (data not shown).

Significant interactions were found between BMI and
DASH (P-interaction <0.001). Therefore, we conducted
stratified analyses based on baseline BMI status [normal-
weight (BMI<24.9 kg/m?) and overweight (BMI>24.9
kg/m?)] for DASH score. Stratified analysis based on BMI
status revealed a significant inverse association between
DASH diet as a continuous variable and the risk of HTN
in normal-weight adults (HR =0.84, 95%CI=0.71-0.898,
P=0.031) in the multivariable-adjusted model (Fig. 2B).
This finding was not seen in adults with overweight/ obe-
sity (Fig. 2A).

Discussion

In this prospective study, we could not find any signifi-
cant associations between the MED, DASH, or MIND
dietary scores and the incidence of HTN among Iranian
adults. However, as a continuous variable, the DASH
diet was associated with a lower risk of HTN in normal-
weight participants after adjustment for all potential
covariates.
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Table 2 Hazard ratio (95% confidence interval) for hypertension based on dietary indices
Dietary indices Continuous P-value  Quartile of dietary scores P-trend
Q1 Q2 Q3 Q4
MED
Mean score 44 2.5 4 54 7.1 -
(minimum, maximum ) 0, 8) ©,3) 4) (5,6) (7,8)
Number of HTN events 599 167 155 235 42
Person-years 18262 5034 4537 7200 1491
Incidence (per 1000 person years) 328 332 342 326 28.2
Age- and sex-adjusted 1.00 (0.95, 1.05) 0.904 1.00 1.04 (0.84, 1.30) 1.06 (0.87,1.29) 0.83(0.59,1.16) 0.739
Multivariable-adjusted 098(0.93,1.04) 0577 1.00 096 (0.77,1.20)  099(0.80,123)  0.76(0.53,1.09)  0.388
DASH
Mean score 48 35 4.7 55 6.5
(minimum, maximum ) (1-9) (1-4) (4.5-5) (5.5) (6-9)
Number of HTN events 599 182 177 80 160
Person-years 18262 6582 5440 2163 4077
Incidence (per 1000 person years ) 328 277 325 370 390
Age- and sex-adjusted 1.03(097,1.10) 0386 1.00 1.04 (0.84,1.28) 1.19(0.91,1.54) 1.14(092,141)  0.168
Multivariable-adjusted 0.99 (0.92, 1.05) 0.661 1.00 0.95(0.76,1.17) 1.15(0.87,1.50) 0.99(0.79,1.25) 0.771
MIND
Mean score 6.8 54 6.8 7.5 8.6
(minimum, maximum ) (2.5-11.5) (2.5-6) (6.5-7) (7.5) (8-11.5)
Number of HTN events 599 134 161 184 120
Person-years 18262 6348 4078 5005 2830
Incidence (per 1000 person years) 328 21.1 395 36.8 424
Age- and sex-adjusted 1.02(0.96,1.09) 0445 1.00 1.13(0.92,1.39) 1.38(1.06, 1.79) 1.09(0.87,135) 0238
Multivariable-adjusted 1.01 (0.95, 1.08) 0.662 1.00 1.14(0.93,141) 1.27 (0.97,1.65) 1.08 (0.86, 1.36) 0.335

Multivariable models adjusted for age (continuous), sex, physical activity (continuous), academic education (yes/no), premature family history of CVD (yes/no),
smoking (smoker/non-smoker/ex-smoker), baseline BMI (continuous), baseline prevalent of diseases including chronic kidney disease (yes/no), diabetes mellitus
(yes/no), pre-hypertension (yes/no) and dyslipidemia (yes/no), aspirin intake (yes/no) and dietary total energy (continuous), caffeine (continuous), and olive intake

(continuous)

HTN Hypertension, DASH Dietary Approaches to Stop Hypertension, MED Mediterranean diet, MIND Mediterranean-DASH Intervention for Neurodegenerative Delay

Although several meta-analyses of RCTs demonstrated
the beneficial effects of MED and DASH diets on the
treatment of HTN [4, 5], there is a scarcity of observa-
tional data and inconsistency about the association
between MED and DASH as a priori diet scores and the
prevention of HTN. Most of the previous observational
studies that evaluated this association were cross-sec-
tional [7, 11, 24, 25], and there are limited longitudinal
prospective investigations in this regard [26-30].

Similar to the current findings, a prospective study
conducted among a Mediterranean population (the SUN
cohort) could not find any beneficial association between
adherence to the MED diet and the risk of HTN in 9408
Spanish men and women after a median follow-up of
4.2 years [26]. The other investigation conducted among
this cohort with a longer follow-up duration and a higher
number of participants suggested that more adherence to
the MED diet in combination with other healthy lifestyle
factors, such as non-smoking, physical activity, a low
BMI, moderate alcohol consumption, and the avoidance

of binge drinking, was associated with a decreased risk
of HTN over a median follow-up of 10 years. However,
when the individual contribution of the MED diet was
investigated, the inverse association between the MED
diet and risk of HTN was marginally significant [HR (95%
CI)=0.82 (0.79-1.00) in those with a MED score > 4 com-
pared to those <4] [27]. The SUN cohort studies used the
9-point Trichopoulou et al. scoring method to evaluate
MED diets similar to ours, but participants’ self-reports
were used to figure out the incidence of HTN. In con-
trast, a cohort of middle-aged Australian women dem-
onstrated an inverse association between MED score and
the odds of self-reported HTN after 15 years of follow-up
[28]. The study generated the MED diet score according
to Sofi et al., a scoring system in which the cut-off val-
ues were specified for each food component to more
accurately represent the health-promoting potential of
the traditional MED diet [31]. In our study, only 8.3% of
the participants had the highest adherence to the MED
diet (highest quartile), while 35% of the population in the
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DASH Hazard ratio (95% CI)
Continuous score —-o— 1.03 (0.96, 1.11)
Categorical score
Tertile 1 * 1.00
Tertile 2 ® 0.95 (0.76, 1.19)
Tertile 3 ® 11.08 (0.86, 1.36)
( A) 0.6 0.8 1.2 1.4
Hazard ratio (95% CI)
DASH
*
Continuous score e 0.84(0.71,0.98)
Categorical score
: ® 1.00
Tertile 1
Tertile 2 0.99 (0.63, 1.58)
Tertile 3 ¢ ° 0.73 (0.44, 1.23)

(B) 0.4 0.6 0.8 1

(continuous), and olive intake (continuous). *P=0.031

1.2 1.4 1.6 1.8

Fig. 2 Hazard ratio (95% Cl) for hypertension according to dietary indices separately in overweight/obese individuals (A, n=1677) and
normal-weight (B, n=1029). Adjusted for age (continuous), sex, physical activity (continuous), academic education (yes/no), family history of CVD
(yes/no), smoking (smoker/non-smoker/ex-smoker), baseline BMI (continuous), baseline prevalent of diseases including CKD(yes/no), diabetes
mellitus (yes/no), pre-hypertension (yes/no) and dyslipidemia (yes/no), aspirin intake (yes/no) and dietary total energy (continuous), caffeine

Australian study was within the highest quartile of the
MED diet. Consequently, the level of adherence to the
MED diet among the majority of our study population
may not have been high enough to identify any favorable
association between this diet and blood pressure. How-
ever, in a recently published meta-analysis, there was a
high heterogeneity across the findings of observational
studies investigating the association between MED, SBP,
and DBP. This meta-analysis by pooling data of 54 studies
showed a slightly lower SBP in those with the highest vs.

lowest adherence to the MED diet, but DBP did not dif-
fer significantly between the two groups. In the majority
of the included studies in this meta-analysis, which had
a cross-sectional design, the mean SBP of groups with
high and low adherence to MED was normal (SBP =130
mmHg) [32]. Therefore, the MED diet alone may not be
sufficient to prevent the incidence of HTN.

Regarding the DASH score, a prospective study of
20993 Caucasian women indicated no significant associa-
tion between more adherence to the DASH and the risk
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of self-reported HTN over 11 years of follow-up after
accounting for other risk factors. As no women in this
investigation achieved total adherence to the DASH diet
and few women (19% with a score of 6.5-10) obtained
high adherence, the authors concluded that very high
concordance, as observed in the DASH trials, might be
necessary to see the benefits of the DASH diet [29]. A
prospective study among Chinese adults also showed
that the participants may not benefit from DASH unless
they rigorously adhere to the diet recommendation. This
study investigated the association of DASH diet alone or
in combination to normal BMI and moderate or heavy
physical activity with the risk of HTN. Interestingly, they
found that having a normal BMI in combination with
adopting the highest concordance to DASH was related
to a 34% (95% CI=20-46%) lower risk of HTN. Adopting
all three components of a low-risk was related to a 42%
lower risk of HTN (95% CI=29-53%) [30]. In the cur-
rent study, we observed the inverse association between
DASH and risk of HTN in normal-weight individuals,
which is in line with previous studies suggesting a combi-
nation of healthy lifestyle factors such as having a normal
BMI along with a healthy diet may be important for the
prevention of HTN [27, 30].

The initial development of the MIND diet was based on
available evidence relating dietary components to cog-
nitive decline prevention. Despite the general similarity
to the MED and DASH diets, the MIND diet specifies
consuming olive oil as the primary oil, green leafy veg-
etables, cheese (but not other dairy products), berries
(but not other fruits), and nuts as separate food groups.
In addition, fast foods, fried foods, butter, and margarine
consumption are also considered in the MIND diet that
are not included in the computation of MED and DASH
scores [9]. Recently, investigating the association between
MIND and cardio-metabolic health is of interest. A
cross-sectional study conducted among 836 middle-aged
Iranian adults could not find any significant association
between the MIND and the elevated BP as a component
of metabolic syndrome [11]. In the present prospective
study in which we evaluated the association between
the MIND diet and the risk of HTN for the first time, we
were unable to find any significant findings.

The study’s strengths include its prospective design,
evaluation of dietary intakes using a valid FFQ, computa-
tion of three distinct a priori dietary scores, and deter-
mination of the incidence of HTN based on objective
measurements of SBP and DBP, as well as consideration
of BP-lowering medications. Different sensitivity analyses
were conducted to account for variables that could alter
the results, which is another merit of this study.

The limitations of the present work should also be
noted. First, despite using the valid FFQ, measurement
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errors in assessing food intakes are possible due to the
recall bias and reporting bias of the participants [33].
Second, the dietary scores were calculated using die-
tary data collected at baseline, which may not reflect
the participants’ actual dietary intakes throughout the
study. Third, we lack information regarding alcohol
consumption, which is one of the components of the
MED and MIND scores. In addition, primary olive oil
use was removed from the MIND computation due
to a lack of data. As a result, we could not provide a
comprehensive feature of diet adherence based on their
original scoring system. Fourth, the participants were
selected from Tehran’s district 13, which may not be
representative of the Iranian population. Consequently,
the generalizability of our findings is restricted to this
group of participants.

Conclusions

The present study showed that none of the MED, DASH,
or MIND diets were associated with the reduced risk
of HTN in a cohort of Iranian adults. However, higher
DASH scores (as continuous variables) in normal-weight
adults were associated with a lower risk of HTN. More
prospective study is necessary to assess whether adher-
ence to the MED, DASH, or MIND diets alone or in com-
bination with other healthy lifestyle characteristics is an
effective strategy for preventing HTN.

Abbreviations

DASH: Dietary approach to stop hypertension; MIND: Mediterranean-DASH
Intervention for Neurodegenerative Delay; MED: Mediterranean; HTN:
Hypertension; CKD: Chronic kidney disease; HR: Hazard ratio; RCT: Randomized
controlled trial; FFQ: Food frequency questionnaire; BMI: Body mass index;
MAQ: Modifiable activity questionnaire; MET: Metabolic equivalent; FSG: Fast-
ing serum glucose; TC: Total cholesterol; TG: Triglycerides; HDL-C: High-density
lipoprotein-cholesterol; CV: Coefficient variations; LDL-C: Low-density lipopro-
tein cholesterol; JNC-VII: Joint national committee on prevention, detection,
evaluation, and treatment of high blood pressure; SBP: Systolic blood pressure;
DBP: Diastolic blood pressure; T2DM: Type-2 diabetes mellitus; eGFR: Estimated
glomerular filtration rate; CKD-EPI: CKD Epidemiology Collaboration; ANOVA:
Analysis of variance; SD: Standard deviation.

Acknowledgments

We would like to acknowledge the participants and the TLGS personnel for
their collaboration. We are also thankful to Shahid Beheshti University of Medi-
cal Sciences for their support. The authors declare that they have no conflict of
interest. All authors have read the journal’s authorship agreement and policy
on disclosure of potential conflicts of interest.

Authors’ contributions

Conceptualization, NM, ER and SA; Formal analysis, NM and SS; Methodology,
NM, ER and PM; Supervision, NM and PM; Writing original draft, ER and SS;
Writing review and editing, ER and NM. All authors read and approved the
final manuscript.

Funding
Not applicable.



Razmpoosh et al. BMC Public Health (2022) 22:2374

Availability of data and materials
All the datasets are available from the corresponding author on reasonable
request.

Declarations

Ethics approval and consent to participate

All methods of the present study has been carried out in accordance with
the Declaration of Helsinki. The present study was approved by the ethics
committee of the Research Institute for Endocrine Sciences, Shahid Beheshti
University of Medical Sciences (IR.SBMU.ENDOCRINE.REC.1400.098). A written
informed consent form was obtained from every individual.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

"Nutrition and Endocrine Research Center, Research Institute for Endocrine
Sciences, Shahid Beheshti University of Medical Sciences, Tehran, Iran.
’Department of Nutrition, School of Public Health, North Khorasan University
of Medical Sciences, Bojnurd, Iran. *Yazd Cardiovascular Research Center,
Shahid Sadoughi University of Medical Sciences, Yazd, Iran. *Department

of Clinical Nutrition and Dietetics, Faculty of Nutrition and Food Technology,
National Nutrition and Food Technology Research Institute, Shahid Beheshti
University of Medical Sciences, Tehran, Iran. *Endocrine Research Center,
Research Institute for Endocrine Sciences, Shahid Beheshti University of Medi-
cal Sciences, Tehran, Iran.

Received: 25 May 2022 Accepted: 8 December 2022
Published online: 17 December 2022

References

1. Zhang PY.Review of new hypertension guidelines. Eur Rev Med Pharmacol
Sci. 2015;19:312-5.

2. WHO. World Health Organization: Hypertension [updated 25. August, 2021.
Available from: https://www.who.int/news-room/fact-sheets/detail/hyper
tension.

3. Carey RM, Muntner P, Bosworth HB, Whelton PK. Prevention and control
of hypertension: JACC health promotion series. J Am Coll Cardiol.
2018;72:1278-93.

4. Filippou CD, Thomopoulos CG, Kouremeti MM, Sotiropoulou LI, Nihoyan-
nopoulos Pl, Tousoulis DM, et al. Mediterranean diet and blood pressure
reduction in adults with and without hypertension: A systematic review and
meta-analysis of randomized controlled trials. Clin Nutr. 2021;40:3191-200.

5. Schwingshackl L, Chaimani A, Schwedhelm C, Toledo E, Piinsch M, Hoff-
mann G, et al. Comparative effects of different dietary approaches on blood
pressure in hypertensive and pre-hypertensive patients: A systematic review
and network meta-analysis. Crit Rev Food Sci Nutr. 2019,59:2674-87.

6.  Cowell OR, Mistry N, Deighton K, Matu J, Griffiths A, Minihane AM, et al.
Effects of a Mediterranean diet on blood pressure: a systematic review and
meta-analysis of randomized controlled trials and observational studies. J
Hypertens. 2021;39:729-39.

7. Hassani Zadeh S, Salehi-Abargouei A, Mirzaei M, Nadjarzadeh A, Hosseinza-
deh M. The association between dietary approaches to stop hypertension
diet and mediterranean diet with metabolic syndrome in a large sample of
Iranian adults: YaHS and TAMYZ Studies. Food Sci Nutr. 2021,9:3932-41.

8. Ramezankhani A, Hosseini-Esfahani F, Mirmiran P, Azizi F, Hadaegh F. The
association of priori and posteriori dietary patterns with the risk of incident
hypertension: Tehran Lipid and Glucose Study. J Transl Med. 2021;19:1-11.

9. Morris MC, Tangney CC, Wang Y, Sacks FM, Bennett DA, Aggarwal NT. MIND
diet associated with reduced incidence of Alzheimer’s disease. Alzheimers
Dement. 2015;11:1007-14.

10. van den Brink AC, Brouwer-Brolsma EM, Berendsen AAM, van de Rest O.
The Mediterranean, Dietary Approaches to Stop Hypertension (DASH), and
Mediterranean-DASH Intervention for Neurodegenerative Delay (MIND)

20.

21.

22.

23.

24.

25.

27.

28.

29.

Page 10 of 11

Diets Are Associated with Less Cognitive Decline and a Lower Risk of Alzhei-
mer’s Disease-A Review. Adv Nutr. 2019;10:1040-65.

. Mohammadpour S, Ghorbaninejad P, Janbozorgi N, Shab-Bidar S. Associa-

tions between adherence to MIND diet and metabolic syndrome and
general and abdominal obesity: a cross-sectional study. Diabetol Metab
Syndr. 2020;12:101.

Azizi F, Zadeh-Vakili A, Takyar M. Review of Rationale, Design, and

Initial Findings: Tehran Lipid and Glucose Study. Int J Endocrinol Metab.
2018,16:€84777.

Hosseini-Esfahani F, Jessri M, Mirmiran P, Bastan S, Azizi F. Adherence to
dietary recommendations and risk of metabolic syndrome: Tehran Lipid and
Glucose Study. Metabolism. 2010;59:1833-42.

Goff DC Jr, Lloyd-Jones DM, Bennett G, Coady S, D'Agostino RB, Sr,, Gibbons
R et al. 2013 ACC/AHA guideline on the assessment of cardiovascular risk: a
report of the American College of Cardiology/American Heart Association
Task Force on Practice Guidelines. J Am Coll Cardiol. 2014;63:2935-59.
Momenan AA, Delshad M, Sarbazi N, Rezaei Ghaleh N, Ghanbarian A, Azizi F.
Reliability and validity of the Modifiable Activity Questionnaire (MAQ) in an
Iranian urban adult population. Arch Iran Med. 2012;15:279-82.

Azizi F, Ghanbarian A, Momenan AA, Hadaegh F, Mirmiran P, Hedayati M,

et al. Prevention of non-communicable disease in a population in nutrition
transition: Tehran Lipid and Glucose Study phase II. Trials. 2009;10:5.
Esfahani FH, Asghari G, Mirmiran P, Azizi F. Reproducibility and relative valid-
ity of food group intake in a food frequency questionnaire developed for
the Tehran Lipid and Glucose Study. J Epidemiol. 2010;20:150-8.
Trichopoulou A, Costacou T, Bamia C, Trichopoulos D. Adherence to a
Mediterranean diet and survival in a Greek population. N Engl J Med.
2003;348:2599-608.

Epstein DE, Sherwood A, Smith PJ, Craighead L, Caccia C, Lin PH, et al. Deter-
minants and consequences of adherence to the dietary approaches to stop
hypertension diet in African-American and white adults with high blood
pressure: results from the ENCORE trial. J Acad Nutr Diet. 2012;112:1763-73.
Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo JIL, et al.
The Seventh Report of the Joint National Committee on Prevention, Detec-
tion, Evaluation, and Treatment of High Blood PressureThe JNC 7 Report.
JAMA. 2003;289:2560-71.

American Diabetes Association. Standards of medical care in diabe-
tes—2014. Diabetes Care. 2014;37:14.

Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF 3rd, Feldman HI,

et al. A new equation to estimate glomerular filtration rate. Ann Intern Med.
2009;150:604-12.

Expert Panel on Detection E. Treatment of high blood cholesterol in A.
Executive summary of the Third Report of the National Cholesterol Educa-
tion Program (NCEP) expert panel on detection, evaluation, and treatment
of high blood cholesterol in adults (Adult Treatment Panel Il). JAMA.
2001,285:2486-97.

Tiong XT, Nursara Shahirah A, Pun VC, Wong KY, Fong AYY, Sy RG, et al. The
association of the dietary approach to stop hypertension (DASH) diet with
blood pressure, glucose and lipid profiles in Malaysian and Philippines
populations. Nutr Metab Cardiovasc Dis. 2018;28:856-63.

Ahmed FS, Wade AT, Guenther BA, Murphy KJ, Elias MF. Adherence to a
Mediterranean diet associated with lower blood pressure in a US sample:
findings from the Maine-Syracuse Longitudinal Study. J Clin Hypertens
(Greenwich). 2020,22:2276-84.

Nufez-Cordoba JM, Valencia-Serrano F, Toledo E, Alonso A, Martinez-
Gonzalez MA. The Mediterranean diet and incidence of hypertension:

the Seguimiento Universidad de Navarra (SUN) Study. Am J Epidemiol.
2009;169:339-46.

Diaz-Gutiérrez J, Ruiz-Estigarribia L, Bes-Rastrollo M, Ruiz-Canela M, Martin-
Moreno JM, Martinez-Gonzalez MA. The role of lifestyle behaviour on the
risk of hypertension in the SUN cohort: the hypertension preventive score.
Prev Med. 2019;123:171-8.

Jackson JK, MacDonald-Wicks LK, McEvoy MA, Forder PM, Holder C, Old-
meadow C, et al. Better diet quality scores are associated with a lower risk of
hypertension and non-fatal CVD in middle-aged Australian women over 15
years of follow-up. Public Health Nutr. 2020;23:882-93.

Folsom AR, Parker ED, Harnack LJ. Degree of concordance with DASH diet
guidelines and incidence of hypertension and fatal cardiovascular disease.
Am J Hypertens. 2007;20:225-32.


https://www.who.int/news-room/fact-sheets/detail/hypertension
https://www.who.int/news-room/fact-sheets/detail/hypertension

Razmpoosh et al. BMC Public Health

30.

31.

32

33.

(2022) 22:2374

Bai G, Zhang J, Zhao C,Wang Y, Qi Y, Zhang B. Adherence to a healthy life-
style and a DASH-style diet and risk of hypertension in Chinese individuals.
Hypertens Res. 2017;40:196-202.

Sofi F, Abbate R, Gensini GF, Casini A, Trichopoulou A, Bamia C. Identification
of change-points in the relationship between food groups in the Mediter-
ranean diet and overall mortality: an ‘a posteriori’approach. Eur J Nutr.
2012,51:167-72.

Bakaloudi DR, Chrysoula L, Kotzakioulafi E, Theodoridis X, Chourdakis M.
Impact of the level of adherence to Mediterranean diet on the parameters
of metabolic syndrome: a systematic review and meta-analysis of observa-
tional studies. Nutrients. 2021;13:1514.

Kipnis V, Midthune D, Freedman L, Bingham S, Day NE, Riboli E, et al. Bias in

dietary-report instruments and its implications for nutritional epidemiology.

Public Health Nutr. 2002,5:915-23.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 11 of 11

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	The Mediterranean, DASH, and MIND diets and the incident of hypertension over a median follow-up of 7.4 years in the Tehran Lipid and Glucose Study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study population
	Demographic, anthropometric, and physical activity assessments
	Biochemical measurements
	Dietary assessments
	Blood pressure assessment and disease definitions
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgments
	References


